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IBALTH VAZARDS OF COSMIC RADIATIONS

Following information 1s submitted in response to your recont request
concerning safc exposurs times Lo cosmic radiation at extreme altitudes.
The information is condensed from a number of articles appearing in the
August 1954 l1ssue of the Jowrnal of Aviation ledicine, and a book
titled "Physical Inviromment of the Flier," by Lr, ieing liaber, USA™
School of Aviation Ledicine, 1954.

The notential azard to humans from exposure to the primary cosmic
radiation at very high altitude centers upon the heavy nuclei component
of the primary radistion, It is not the total ionization dosage of
these rays which croates tie potential danger but their extremely high
specific ionization,

It has been shown that living cells which happen to be in or close to
tiie central core of tie ionigation column of a heavy nucleus track are
ex»osac in their full cell volume to ionisation dosages as high as
several thousand roentgens, iloreover, these dosagzes are administered
in times far shorter than one millionth of a seeond and this circunstance
is apt to ‘ncrease the destructiveness of the heavy nucleus hit further,
There is nc doubt thati such an exposure must be considered an abovew
tireghold injury for the cells affected and that 18 putting it mildly,
Jowever, the vercentage of cells of a human organism exposed to such
extrenol; high dosages 18 ver; small even in a prolonged stay of many
hours in the hoavy nuclei regilon,

£ one attenpls Lo asso8s Whls nowel type of radiation exposure with
regarcd Lo 1is damape two quastions ariss, (1) 1Is .Lhiis peculiar t-pe of
radiatdon in’ury, whic!: severdly damages & small perocentage of the
sotal number of cells but lsaves the surrounding bulk of the tissus
unaffected, bearable for all tipea of body cells? (2) If so , to what
extent is 1t boarable? lore agpecifically, how many hours exposure to
heavy nuclei per day can be considered a belowwilireshold dosage? Pree
asont knowledge in radiobiology does not peralt a rigorous angwor to
these questions, JSince energy spectrum and mass spectrun of the heavy
nuclel cover a wide range, this task of assess ng the radiation hazard
ia quantitative terms is rather complex,

It seems %oo earl: 4o enter into a discussion of the radiobiological
consequences of the dal. presented, With regard to the quantity of
damage from heavy nuclsi to living tissus, our knowledge ai present
is most fragmentary., <Thus, the definition of a pemissible exposure
to be gziven in number of thin-down hits per day, is still a task for
the future, The compliance with such an official permisaible dosage,
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whatever its mumerical walue :1ight be, will only be possible by regtricting

vie daily or weekly exposure Lime in the heavy nuclei region, ihis pemdissible
exposure time will vary greatl- with altitude and latitude and will have to be
calculated on the basis of the statistics of tidn-dovm hits for the various
conponents,

On the bagis of the informaiion amni data available today, the fol uwing
general conclusions may be assumed:

(1} ointial health hagards by ropeated or long duration exnosures at
altitudes up to 70,000 feet, irrespsctive of latitude, are minimal, This is
baged on the assumption that the lower limit of atmospheric psnetration of
heavy primaries is approxinately 65,000 to 70,000 feet, ihysical or organic
damage should not ocour below these altitudes, lowever, as with all ionizing
radiation, the long-time gometic effect of prolonged exposures Lo gub=threshold
dosages is unpredictable,

(2) ihe effects of cosmic radiation between 70,000 and 120,00 feet will

depend upon such factors as the precise altitude, latitude, duration of exposure,
and vhe gtructural prote:tion afforded the occupants of an aircraft, The heavy
primaries are nwasrous in iype, and have extremel; high specific ionisation
poteniials, which imply marked tissue destruction, The effects of apecific
neubers of this group vary with altitude, some belng maximal at 85,000 to 50,000
feet, others increasing in their destructive potentials up to 120,000 feet,
Their potentials for destruction arec due not only to their abiliiy to lonise
vwigsue in their iLwmediate pathy, but to their final, nore intensive destructiveness
at thele exiremw point of terminal energy dissipat.ion, or on what is termed
"thinedown hits," The number of guch hits varies with the peomarnetic lutitude
and apparently reaches 1ts naximum peak at 500 to 60°P 3, <“his effect is minimi
al latitudes oi lesu than 5° 14,

The Trequoucy of the destructive thinedown hits is also a function of the
Liickness of the shleld.ng structural barrier, Insufficient sh:ielding layers
can act a8 intensifiera, and actually lncrsase the number of thinw-cown hits,
ior adequate protection it¢ is estimated that structural shieldin; material
should congist of at least three inches of aluminum or one inch of steele This
is, of course, a prohibitively high weicht penalty for aircraft deaizn
conslderations,

{3) Protection of man from heavy nuclear hits seems possible only Ly limiting
the total exposure time above 70,000 feei, Guantlitative data for this cannot
as yet be established, gince no informaiion is available as to the damage of a
gingle hit and to the number of hits that can be considered a belowethreshold
exposure for the different body tissues, In general, however, 1t may be
stated that short flight exposures above 70,000 feet will not result in any
imediate or serious bioloyical effecis, It ma; be antlcipated that repsated
such exposures, resuliing in ecuwnulative pathological offects, will, after a
period of time, result in serious tiss e or body organ destruction, It would
seen advisable then, to limii exposures above 70,000 feet to relatively short
flizhts an! at infrequent intervals until more infomation concerning the
blolosical effectivensss of cosmic radiation is know,

Hanagor - Hedlcal lepartmont
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